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1 Introduction 
Interictal MEG dipoles associated with temporal 
lobe epilepsy (TLE) can be classified according to 
localization and orientation into anterior temporal 
horizontal (ATH), anterior temporal vertical and 
posterior temporal vertical (PTV) dipoles [1, 2, 3]. 
The MEG dipole pattern may be related to the 
seizure onset zone [2, 3] or symptomatology [4]. 
These dipoles are considered to originate from the 
temporal tip, superior temporal plane and basal 
temporal cortex [1]. The scalp EEG/MEG dipole is 
the summation of cortical activity over a wide area 
because extensive epileptic activity is required to 
produce adequate electrical potentials/magnetic 
fields detectable through the skull and scalp [1, 5]. 
Little is known about the relationship between actual 
cortical activities and MEG findings [6]. This study 
estimated interictal spike dipoles by MEG for 
comparison with electrocorticography (ECoG) 
findings. 

2 Subjects and methods 
Three consecutive patients with TLE underwent 
EEG/MEG spike mapping, subdural grid 
implantation and temporal lobectomy. Intra-carotid 
amobarbital testing suggested language dominance 
in the left hemisphere in all patients. The possibility 
of lateral neocortical TLE could not be excluded in 
all patients based on pre-surgical evaluations 
including continuous EEG-video monitoring, 
interictal fluoro-deoxy-glucose positron emission 
tomography, interictal single photon emission CT, 
MR imaging and EEG/MEG spike mapping. 
Case 1: A 37-year-old female had suffered from 
daily seizures involving motion arrest, vocalization 
and sometimes falling since age 6 years. MR 
imaging showed structural anomaly of the left basal 
temporal cortex suggesting cortical dysplasia. 
Case 2: A 22-year-old female began to suffer 
motionless staring and secondary generalized tonic-
clonic seizures (GTC) at age 16 years which 
increased in frequency to weekly. MR imaging 
showed no apparent lesion. Case 3: A 25-year-old 
female suffered from biweekly automatism with 

aura sometimes evolving into secondary GTC since 
age 6 years. MR imaging found left hippocampal 
atrophy. 

2.1 Interictal spike mapping by EEG/MEG 
Scalp EEG and MEG were recorded simultaneously 
prior to surgery in a magnetically shielded room. 
EEG electrodes were applied according to the 
international 10-20 system in combination with 
bilateral sphenoidal electrodes (Sp). Spontaneous 
activity in the awake to light sleep stage was 
recorded for 20 minutes with a 122 channel whole-
head MEG system (Neuromag Ltd., Helsinki). The 
EEG and MEG data were sampled at 400 Hz, band-
pass filtered between 0.03 and 130 Hz and stored in 
a hard disk for later offline analysis. In the spike 
analysis, the acquired data was additionally band-
pass filtered between 2 and 40 Hz. The EEG and 
MEG signals were inspected visually to identify at 
least 20 interictal spikes occurring in a definite 
period. The single equivalent current dipole model 
was applied to MEG spike activity with adequate 
signal-to-noise ratio to identify the MEG dipole with 
the highest goodness-of-fit. All estimated MEG 
dipoles were superimposed on individual MR 
images using a MEG-MR imaging coordination 
integration system. 
The localization and orientation of the MEG dipoles 
were correlated with the distribution of negativity in 
EEG potentials and the time lag between the peaks 
of EEG and MEG. 

2.2 Inteictal and ictal spike mapping by 
ECoG 

Subdural grid and strip electrodes were implanted 
under general anesthesia through a fronto-temporal 
osteoplastic craniotomy. The grid consisted of 
rectangular arrays of electrodes with center-to-center 
distance of 10 mm, and was placed to cover the 
lateral fronto-temporal and basal temporal cortex as 
shown in Figure 2. In Case 2, an atypical venous 
structure obstructed adequate insertion over the 
medial temporal base. Functional brain mapping by 
cortical stimulation and continuous ECoG-video 
monitoring were performed for 7 days in Case 1 and 



for 10 days in Cases 2 and 3 after electrode 
implantation. The frequency of interictal spikes was 
evaluated by visual inspection by two of the authors 
and classified into frequent, moderate and rare. The 
localization of the spike activity was defined as the 
electrode with maximum negativity on the bipolar 
montage. The site of the ictal onset was determined 
as the electrode recording the rhythmic seizure 
pattern. 

2.3 Surgery and seizure outcome 
Anterior temporal lobectomy with amygdalo-
hippocampectomy was performed after the invasive 
monitoring. The superior temporal gyrus was 
preserved in all patients. In Case 3, lateral 
neocortical resection was extended posteriorly with 
preservation of the language area. Postoperative 
seizure outcome was assessed at August 1, 2000 
according to Engel’s classification. The follow-up 
period of Cases 1, 2 and 3 were 18, 14 and 11 
months, respectively. 

3 Results 
3.1 Interictal spike mapping by EEG/MEG 
The localization and orientation of the MEG dipoles 
are shown in Figure 1. The results are compared 
with the scalp EEG and grid ECoG in Table 1. Case 
1: Frequent spikes with negativity over Sp1 and T3 
were observed by EEG. MEG dipoles were 
estimated for 20 EEG spikes as PTV dipoles with 
upward orientation. The localization was deeper 
than in Cases 2 and 3 (Figure 1). There was no spike 

detected by MEG alone. The timing of the MEG 
dipoles corresponded with the EEG peaks. Case 2: 
Sp1 and T3-C3 spikes were observed independently 
by EEG. The MEG dipoles were estimated for 7 Sp1 
spikes as ATH dipoles, and for 14 T3-C3 spikes as 
PTV dipoles with downward orientation, localized 
on the postero-superior part of the left temporal 
lobe. There was no spike detected by MEG alone. 
The timing of the MEG dipoles corresponded with 
the EEG peaks for the Sp1 spikes, but preceded the 
T3 spikes by about 20 to 40 ms. Case 3: Fifty-two 
dipoles were estimated for Sp1-T3 spikes as PTV 
dipoles with upward orientation. Seventeen dipoles 
were detected by MEG alone. The timing of the 
MEG dipoles corresponded with the EEG peaks. 

3.2 Interictal and ictal spike mapping by 
ECoG 

The results are shown in Figure 2. The most 
frequent site of interictal spiking was identified in 
the basal temporal cortex in Case 1, the anterior 
temporal neocortex in Case 2 and the medio-basal 
temporal lobe in Case 3. Independent spiking was 
observed in the posterior lateral neocortex in Cases 
2 and 3 in addition to the above sites. 
Ictal onset zone was identified in the medio-basal 
temporal lobe in Cases 1 and 3. The ictal rhythm 
first involved the most medial electrode of the 
temporal base channels in Case 2. 

3.3 Seizure outcome after surgery 

Seizure outcome at August 1, 2000 was grade I 
(seizure free) in all 3 patients. 

 

Table 1: The summary of MEG dipoles, EEG spikes and interictal/ictal ECoG.
Case MEG dipoles The number of

estimated dipoles*
EEG spike Delay from

MEG peak
Interictal ECoG Ictal onset

1 upward PTV 20 (0) Sp1-T3 - basal medio-basal

2 ATH 7 (0) Sp1 - anterior lateral +
posterior lateral

basal

downward
PTV

14 (0) T3-C3 20-40ms

3 upward PTV 35 (17) Sp1-T3 - medio-basal +
posterior lateral

medio-basal

*detected by both EEG and MEG (by MEG alone)



a) Case 1        Rt    Lt 

 

 b) Case 2 

 

 c) Case 3 

 

Figure 1: Interictal spike dipoles estimated by MEG. 
a) Case 1. All 20 dipoles were clustered in the deep 
posterior part of the left temporal lobe with upward 
vertical orientation. b) Case 2. Two clusters of MEG 
dipoles were found, 14 localized on the postero-
superior part of the left temporal lobe with 
downward vertical orientation corresponding to T3 
spikes (upper), and 7 on the anterior part with 
horizontal orientation corresponding to Sp1 spikes 
(lower). c) Case 3. All 52 dipoles were clustered in 
the postero-lateral part of the left temporal lobe 
with upward vertical orientation. 
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Figure 2 (previous page): Summary of interictal/ictal 
spike activity and language mapping by subdural 
grid ECoG. The grids were placed to cover the 
lateral fronto-temporal neocortex and basal 
temporal cortex. Circles show the electrode 
positions on radiographs taken from the left side. 
Medial temporal electrodes are projected to lower 
arrays for convenience. Interictal spiking was 
observed in the lateral neocortex independently 
from medio-basal and anterior temporal spiking in 
Cases 2 and 3. The site of ictal onset was identified 
in the medio-basal structure in Cases 1 and 3, and 
in the basal temporal cortex in Case 2. 

4 Discussion 
PTV dipoles were found predominantly in all 3 
patients, and were associated with irritability of the 
basal temporal cortex in Case 1 and the posterior 
lateral neocortex in the other 2 patients. The ATH 
dipoles in Case 2 may be correlated with the activity 
of the anterior lateral neocortex based on the dipole 
localization. The spikes of the medial temporal lobe 
in Case 3 may have little influence on MEG dipole 
estimation, because this position is considered too 
deep to produce a MEG signal with adequate signal-
to-noise ratio to be detected [1, 5, 6]. 
Spike localization by grid ECoG does not directly 
indicate the generator site of the MEG dipoles. The 
temporal tip, superior temporal plane and basal 
temporal cortex are considered to produce the 
tangential current for MEG dipoles [1]. Most of 
these areas were not evaluated by grid ECoG 
recording because of technical limitations in the 
coverage. In contrast, lateral neocortical activity 
may make little contribution to the generation of 
MEG dipoles. 
The region and extent of the irritable cortex may 
determine the localization and orientation of the 
MEG dipoles. The PTV dipoles in Case 2 had 
different orientation, EEG distribution and latency 
of spike peak from the others. The localization of 
the PTV dipoles was different in Cases 1 and 3. The 
diversity in the distribution of the irritable cortex 
may cause these differences. The deep localized 
PTV dipoles of Case 1 indicate extensive 
involvement of the basal temporal cortex as 
observed by grid ECoG. The opposite orientation of 
the PTV dipoles in Case 2 possibly suggests 
activation of the superior temporal plane. 

This study found that PTV dipoles do not 
necessarily indicate lateral neocortical seizures. The 
dipole patterns were related to seizure types in 
previous studies [2, 3, 4]. Predominant PTV dipoles 
were associated with lateral neocortical or non-
localizing seizures [2, 3]. In this study, ictal ECoG 
recordings revealed no lateral neocortical seizure, 
and the seizure outcome was excellent in all cases. 

5 Conclusion 
PTV dipoles recorded by MEG indicated irritability 
of the basal temporal and/or posterior lateral 
neocortex. However, interictal MEG, EEG, and grid 
ECoG suggested various distributions of the irritable 
zone. The seizure onset zone cannot be predicted by 
interictal MEG alone. 

References 
1. J.S. Ebersole, “Defining epileptic foci: past, 

present, future”, J. Clin. Neurophysiol. 14, 470-
483, 1997. 

2. J.S. Ebersole, “Classification of MEG spikes in 
temporal lobe epilepsy”, in Recent Advances in 
Biomagnetism, T. Yoshimoto, M. Kotani, S. 
Kuriki, H. Karibe, and N. Nakasato, Eds. Sendai: 
Tohoku University Press, 1999, pp. 758-761. 

3. C. Baumgartner, E. Pataraia, G. Lindinger, and 
L. Deecke, “Neuromagnetic recordings in 
temporal lobe epilepsy”, J. Clin. Neurophysiol. 
17, 177-189, 2000. 

4. K. Fukao, Y. Watanabe, H. Shiraishi, 
K. Yamada, Y. Inoue, T. Fujiwara, and K. Yagi, 
“MEG spike localization and symptomatology in 
temporal lobe epilepsy”, in Recent Advances in 
Biomagnetism, T. Yoshimoto, M. Kotani, S. 
Kuriki, H. Karibe, and N. Nakasato, Eds. Sendai: 
Tohoku University Press, 1999, pp. 754-757. 

5. G. Alarcon, C.N. Guy, C.D. Binnie, S.R. Walker, 
R.D. Elwes, and C.E. Polkey, “Intracerebral 
propagation of interictal activity in partial 
epilepsy: implication for source localisation”, J. 
Neurol. Neurosurg. Psychiatry 57, 435-449, 
1994. 

6. N. Mikuni, T. Nagamine, A. Ikeda, K. Terada, 
W. Taki, J. Kimura, H. Kikuchi, and 
H. Shibasaki, “Simultaneous recording of 
epileptiform discharges by MEG and subdural 
electrodes in temporal lobe epilepsy”, 
Neuroimage 5, 298-306, 1997. 

 


	Contents

